Introduction {#sec1}
============

Nowadays, there is an increase in life expectancy, which is highly positive for the human being, although it brings with it a decline in our cognitive functions ([@ref21]). It is estimated that by 2050 there will be 114 million people with dementia, this condition being one of the major causes of disability and dependence in the older adult population ([@ref87]; [@ref38]). For this reason, proposing interventions that enhance the cognitive functions or strategies that delay the onset of disabilities associated with age is a topic of capital interest for the biopsychosocial health of our species ([@ref47]). For example, treatments that enhance cognitive abilities could be promoted in each life stage, from childhood to old age.

Memory is one of the cognitive skills most affected by aging ([@ref66]; [@ref68]). This function could be defined as the capacity to learn, store, and retrieve information ([@ref83]; [@ref77]). There are several memory subsystems; the one mostly affected by aging is episodic memory ([@ref29]). At the same time, emotional memory could be considered a part of episodic memory, and it is defined as better storage and recall of the events associated with emotional factors, i.e., those events that have an emotional load are better remembered than the neutral ones ([@ref20]; [@ref12]). Evidence showed that older adults had a decrease in episodic memory, but emotions could work as enhancers and compensate for this deficit ([@ref63]).

Several strategies or environmental interventions, in addition to lifestyles, have been investigated mainly to improve cognitive functions and to prevent and/or delay cognitive deficits. Such interventions include learning other languages ([@ref1]), physical activity ([@ref54]), and music ([@ref75]). In particular, music makes unique demands on our nervous system ([@ref40]), and therefore, over the last years, music and each of its components have been used as a tool to investigate human cognition and its underlying brain mechanisms, because music affects the cortical and subcortical areas ([@ref67]; [@ref46]). Some studies show that listening to music improves cognitive skills such as fluency ([@ref82]), working memory ([@ref57]), and recognition memory ([@ref27]), among others. For example, background music was investigated as a focal and acute strategy that could improve cognitive skills. This technique refers to any music that is played while the listener's primary attention is focused on another task or activity ([@ref14]). Different studies about the effect of background music have shown some improvements on cognitive abilities. For example, [@ref39] performed a study in which participants listening 3 min of music after the acquisition of information and they had a better recognition memory 1 week later. However, there is some evidence of reduced cognitive performance when music is present ([@ref43]; [@ref72]).

Furthermore, other investigations indicate that musical production could have even more beneficial effects than musical perception ([@ref50]; [@ref23]). There is some research about music production, as a focal intervention, in the field of neurologic music therapy ([@ref80]; [@ref81]), but none of them focused on the effects of music production on memory. Besides, the studies distinguish how music and its components affect people with and without formal musical knowledge ([@ref91]; [@ref73]; [@ref90]). In general, because of their extensive training affecting the anatomical and functional organization of their brains, musicians have been shown to have a greater cognitive reserve than non-musicians ([@ref35]), and hence, their memory would be less compromised over the years ([@ref79]). In addition, the protective effect of playing an instrument is greater than that of other leisure activities ([@ref2]). For example, some studies indicated that music training has shown improvements in the cognitive functions of older musicians compared with non-musicians, such as memory, naming, and executive functions, among others ([@ref36]).

Among the interventions that involve musical production, musical training is the one that has received the most attention. Training includes learning how to play an instrument, and most studies evaluate the effect of moderate or long-term learning ([@ref6]), leaving a gap as far as focal interventions are concerned. Another intervention that involves musical production is musical improvisation, which is defined as an example of musically creative behavior, conceived as an original and novel process requiring divergent thinking ([@ref7]; [@ref58]; [@ref22]). Research is scarce in this area, and most studies emphasize the use of improvisation in musicians ([@ref52]); assuming that improvising musically implies having some degree of expertise in music. However, it is also used with people without musical training as a technique for the patient population (e.g., neurological music therapy, [@ref80]). In this perspective, music improvisation is conceived as the combination of sounds created in a specific framework inside an environment of trust, which is established to address the needs of the participant or patient ([@ref86]). In this sense, music improvisation is not only performed by musicians, but it is also a real-time ability that every person has ([@ref86]). Still, research on the use of the musical improvisation technique in people without a pathology and in non-musicians is infrequent. In addition, older people are unlikely to begin learning an instrument at an advanced age. Therefore, providing the opportunity of a focal intervention where the participants play instruments and create something novel in groups, without long-term demands, could result in low dropout rates.

The main goal of this work was to investigate the effect of a focal environmental activity as a possible memory improvement technique in older adults. We evaluated whether there were differences between neutral and emotional memory and between participants with and without formal musical knowledge. The intervention employed was musical improvisation, because it involves a musically creative behavior that may be implemented in musicians or non-musicians and because this focal/acute technique is used with older adults. We expected musical improvisation to improve memory and musicians to perform better than non-musicians in the memory evaluations. Finally, we hypothesized that information with emotional content would be better remembered than neutral information.

Study 1 {#sec2}
=======

Materials and Methods {#sec3}
---------------------

### Participants {#sec4}

Sixty-nine volunteers (75% female participants) between the ages of 60 and 90 (*M* = 74.16; *SD* = 1.1) participated in this study. Twenty-six were musicians (M) with more than 5 years of formal musical training (schools, institutes, music conservatories). Forty-three were considered non-musicians (NM). An *a priori* power analysis suggested that *N* = 57 would be adequate to provide 0.60 power (software G\**power*, [@ref24]). They were recruited from different senior cultural centers through online announcements. Participant exclusion criteria included visual or hearing impairment, amusia, or any music-related pathology, cognitive impairment, and depression. Each participant signed a written informed consent form and completed a questionnaire where socio-demographic and musical expertise information was requested. The procedure was approved by the University of Buenos Aires Ethics Committee.

### Measures {#sec5}

#### General Cognitive State Evaluation {#sec6}

As depressive symptomatology may affect memory, we administered the Yesavage Geriatric Depression Scale (GDS, [@ref76]; [@ref59]), which measures depression specifically in older adults by assessing anhedonia, sadness, loss of interest, etc. Scores between 0 and 10 are considered to be within the normal range, scores 11--14 show sensitivity to depression, and scores over 14-signal show depression. The participants with a score of 11 or more were excluded. The Mini Mental State Examination (MMSE, [@ref28]) was used to rule out cognitive impairment. The MMSE is a screening test that measures dementia symptoms. Scores between 9 and 11 are considered to be within the dementia range, scores between 12 and 24-signal cognitive impairment, and scores between 24 and 26 suggest sensitivity to dementia. For schooled participants under 75 years of age, 27 points was the cut score; when the schooled participants were over 75 years old, 26 was the score selected to exclude participants ([@ref18]). Both, the GDS and MMSE were administered individually.

#### Neutral Memory Evaluation {#sec7}

The material for the neutral memory task was the Rey Complex Figure (RCF; [@ref61]). It is a figure with 18 different items that compose a larger image.

### Instrumental Setting {#sec8}

For the musical experiences (imitation or improvisation), participants were allowed to choose percussion instruments (e.g., drums, maracas, bells, wood blocks, shakers, tambourine) or melodic/harmonic instruments (e.g., guitar, melodica, xylophone, flutes). These instruments were included because they were easy to handle.

#### Musical Interventions {#sec9}

##### Music Improvisation (Experimental Condition, EXP) {#sec10}

The first author (a music therapist) performed a rhythmic pattern repeatedly during 3 min as a base for an improvised performance by the participants playing their instruments. This pattern was performed with a percussion instrument at a medium volume ([Figure 1](#fig1){ref-type="fig"}; [@ref8], [@ref9]; [@ref58]; [@ref70]). Participants chose any instrument and improvised musical patterns with instruments or their voices or bodies, spontaneously creating some musical feature according to the context provided by the base-pattern. The instructions included playing without restrictions: the researcher proposed a free improvisation based on the same rhythmical pattern used in REP intervention ([Figure 1](#fig1){ref-type="fig"}). Such a rhythmical baseline was introduced in order to guide non-musician participants because pilot studies had shown that without such a guidance participants could not follow the improvisation directions.

![Rhythmic base-pattern presented by the researcher to guide both music reproduction and improvisation that participants were asked to perform with a set of basic instruments.](fpsyg-10-00652-g001){#fig1}

##### Imitation (Control Condition, CTRL) {#sec11}

The same researcher who conducted the musical improvisation performed the same rhythmic pattern repeatedly during 3 min as a model to be imitated by the participants with their instruments. This pattern was performed in the same percussion instrument at a medium volume. In this intervention, the participants imitated the pattern for 3 min ([@ref32]). The instructions included imitating the pattern heard as faithfully as possible, avoiding variations or new musical materials. This intervention was meant to control for possible effects of movements, music perception, musical instruments, among others, that could explain the results.

### Experimental Design {#sec12}

Because there were two interventions (EXP vs. CTRL) and the participants had different musical expertise (M and NM), a 2(Intervention) × 2(Training) experimental design was run, with four groups with the following number of subjects: (1) M/EXP: musicians' improvisation group (*n* = 15); (2) M/CTRL: musicians' imitation group (*n* = 11); (3) NM/EXP: non-musicians' improvisation group (*n* = 22); and (4) NM/CTRL: non-musicians' imitation group (*n* = 21). Participants were randomly and blindly assigned to the different groups, and they were always tested in groups, with a minimum of four and a maximum of 10 participants, in order to control the involvement of each participant in the music performance.

#### Procedure {#sec13}

The study was divided into two sessions with a one-week intersession interval. The first session consisted of four immediately consecutive phases. In the first phase (information phase, about 15 min), the participants signed the informed consent form and completed the socio-demographic and musical expertise questionnaire. In this step, we also evaluated the general cognitive state with MMSE and GDS. In the second phase (acquisition, 9 min), the participants watched the RCF and they were asked to copy it (they were supplied with pencil and paper).

In the third phase (treatment phase, about 3 min), the participants were exposed to the musical interventions (improvisation or imitation). The following directions were given during the music improvisation intervention: *"We will listen to a rhythmic base, from which you have to create something musical as a group. This rhythmic base will help you to start the improvisation at any time you want. You can use instruments, your voice or your body. It is important to listen not only to the base but also to your own group*." In the imitation intervention (control condition), the following directions were given: "*We will listen to a rhythmic base and, anytime you want, you can start to imitate me. You can use instruments, your voice or your body."* Before starting, the researcher corroborated that all the participants understood the instructions. Then, they chose freely the musical instrument that they wanted to play, and they performed the improvisation or imitation task in groups for 3 min.

Soon afterwards, in the fourth phase (test phase, about 11 min), a two-task test was run. Participants were given paper and pencil to drawn from memory the RCF (*Immediate Free Recall* task), and then 12 target items of the RCF were mixed with 12 new items and participants were asked to indicate whether they had seen the item before or not (*Immediate Recognition* task).

The second session (11 min) was held a week later, when the two-task test was run again (*Deferred Free Recall* task and *Deferred Recognition* task; see [Figure 2](#fig2){ref-type="fig"} for a schematic design of the procedure).

![Scheme of the experimental procedure.](fpsyg-10-00652-g002){#fig2}

#### Data Analysis {#sec14}

Age, years of formal education, and years of musical education were analyzed independently *via* univariate analysis of variance (ANOVA), where *Intervention* (improvisation vs. imitation) and *Training* (musicians vs. non-musicians) were the between-factors.

Copy and free recall (immediate and deferred) of the RCF were evaluated by means of the following procedure: Each of the 18 components of the RCF was evaluated according to whether it was well-drawn and correctly located (2 points), well-drawn but incorrectly located (1 point), badly drawn but correctly located (1 point), badly drawn but recognizable (0.5 points), and badly drawn and incorrectly located (0 points). The maximum final score could amount to 36. Because musicians had more years of education than non-musicians and because there were differences in the copy of the RCF (data shown in Results section), recall and recognition (immediate and deferred) were independently analyzed *via* ANCOVA with *Intervention* (improvisation vs. imitation) and *Training* (musicians vs. non-musicians) as the between-factors and *Education* and *Copy* as the co-variables.

*Post hoc* least-significant difference (LSD) pairwise comparisons were conducted to analyze significant interactions. The partial Eta square ($\eta_{p}^{2}$) was utilized to estimate effect size. The alpha value was set at 0.05, and the SPSS software package was used to compute descriptive and inferential statistics.

Results {#sec15}
=======

Socio-Demographic Characteristics and General Cognitive State {#sec16}
-------------------------------------------------------------

The final sample consisted of 64 participants, because five evaluations were discarded due to cognitive deficit and/or depression; the final number of participants per group were as follows: (1) M/IMP = 13; (2) M/REP = 10; (3) NM/IMP = 21; and (4) NM/REP = 19. The general cognitive state values (MMSE and GDS) are depicted in [Table 1](#tab1){ref-type="table"}.

###### 

Socio-demographic and general cognitive state data.

  Groups    Age            Education      Musical educ.   MMSE            GDS           Copy
  --------- -------------- -------------- --------------- --------------- ------------- --------------
  M/EXP     70.93 ± 3.51   15.27 ± 0.99   13.87 ± 3.41    28.17 ± 0.35    4.75 ± 0.72   34.47 ± 0.65
  M/CTRL    74.55 ± 2.92   12.64 ± 1.55   16.45 ± 3.22    28.2 ± 0.42.9   4.4 ± 0.99    26.45 ± 2.87
  NM/EXP    74.47 ± 1.55   13.95 ± 0.62   0.56 ± 0.41     28.14 ± 0.26    6.24 ± 0.88   31.77 ± 0.33
  NM/CTRL   76.05 ± 1.6    11.9 ± 0.88    1.43 ± 0.33     28.11 ± 0.25    6.47 ± 0.7    26.52 ± 1.64

Median ± standard deviation, for age, years of education, years of musical education, MMSE, and GDS. M/EXP, musicians' improvisation group; M/CTRL, musicians' imitation group; NM/EXP, non-musicians' improvisation group; NM/CTRL, non-musicians' imitation group.

Regarding the socio-demographic information ([Table 1](#tab1){ref-type="table"}), no differences were found between the groups in terms of age *p \>* 0.05. Nonetheless, depending on the educational level, there were differences in the Intervention factor *F*(1, 68) = 5.95, *p* = 0.017, $\eta_{p}^{2}$ = 0.084, where the improvisation groups had a higher educational level than the imitation groups. For this reason, educational level was a co-variable in the statistical analyses performed for the memory evaluations of the RCF. As regards musical expertise, there were differences in the Training factor *F*(1, 68) = 61.26, *p* \< 0.0001, $\eta_{p}^{2}$ = 0.485, as expected, since we selected musicians and non-musicians for the samples. The average year of musical experience in the musicians' group was 15.24 ± 2.4 years. Non-musicians had an average musical experience of 0.96 ± 0.3 years.

Copy of the RCF {#sec17}
---------------

The acquisition of neutral visual information was evaluated through the copy of the RCF. The results are depicted in [Figure 3](#fig3){ref-type="fig"}. The ANCOVA indicated a main effect of the Intervention factor *F*(1, 64) = 9.98, *p* = 0.002, $\eta_{p}^{2}$ = 0.135. The *post hoc* test showed that the improvisation groups had higher copy scores than the imitation groups. Due to this result, copy was implemented as an additional co-variable in the subsequent memory analysis (immediate and deferred).

![Score for the copy of the RCF. M/EXP: musicians' improvisation group; M/CTRL: musicians' imitation group; NM/EXP: non-musicians' improvisation group; and NM/CTRL: non-musicians' imitation group.](fpsyg-10-00652-g003){#fig3}

Immediate Measures {#sec18}
------------------

After being exposed to the different musical interventions, the participants were instructed to draw from memory the RCF that they had seen in the acquisition phase. The ANCOVA yielded a main effect of Training *F*(1, 63) = 8.68, *p* = 0.005, $\eta_{p}^{2}$ = 0.121. The *post hoc* analysis indicated that musicians had a better recall of the RCF than non-musicians ([Figure 4A](#fig4){ref-type="fig"}).

![**(A)** Immediate free recall. Score obtained according to the accuracy and location of the figure drawn from memory. **(B)** Immediate recognition. Number of items recognized in a set of 24 items. M/EXP: musicians' improvisation group; M/CTRL: musicians' imitation group; NM/EXP: non-musicians' improvisation group; and NM/CTRL: non-musicians' imitation group. Vertical lines represent standard errors of the mean.](fpsyg-10-00652-g004){#fig4}

Recognition was the second task employed to evaluate memory. The participants watched 24 items, and they had to decide which ones were part of the RCF and which were new. False recognitions were subtracted from the total recognition score. The results are depicted in [Figure 4B](#fig4){ref-type="fig"}. The ANCOVA indicated a significant effect of the double interaction Training × Intervention *F*(1, 63) = 4.889, *p* = 0.031, $\eta_{p}^{2}$ = 0.072. The *post hoc* test showed that the musicians' improvisation group had a better recognition score than non-musicians' improvisation group. Also, this test indicated that the non-musicians' imitation group had a better recognition score than the musicians' imitation group.

Deferred Measures {#sec19}
-----------------

After 7 days, free recall and recognition were again evaluated (deferred measures). Regarding free recall, the ANCOVA indicated a main effect of Intervention *F*(1, 57) = 8.36, *p* = 0.005, $\eta_{p}^{2}$ = 0.128. The *post hoc* test showed that improvisation groups had a better recall of the RCF than imitation groups ([Figure 5A](#fig5){ref-type="fig"}).

![**(A)** Deferred free recall. Score obtained according to the accuracy and location of the figure drawn from memory after 7 days. **(B)** Deferred recognition. Number of components recognized in a set of 24 figures, after 7 days. M/EXP: musicians' improvisation group; M/CTRL: musicians' imitation group; NM/EXP: non-musicians' improvisation group; and NM/CTRL: non-musicians' imitation group. Vertical lines represent standard errors of the mean.](fpsyg-10-00652-g005){#fig5}

After the free recall evaluation, participants watched 24 items, and they had to decide which ones were part of the RCF and which were new. False recognitions were subtracted from the total recognition score ([Figure 5B](#fig5){ref-type="fig"}). The ANCOVA yielded a main effect of Training *F*(1, 57) = 4.696, *p* = 0.034, $\eta_{p}^{2}$ = 0.076. The corresponding *post hoc* indicated that the participants with formal musical knowledge had a better recognition score than the non-musicians.

Study 2 {#sec20}
=======

Materials and Methods {#sec21}
---------------------

### Participants {#sec22}

Sixty-three *new* volunteers (76% female) between the ages of 60 and 90 (*M* = 71.94; *SD* = 0.91) participated in this study. Twenty-five were musicians (M) with more than 5 years of musical formal training (schools, institutes, music conservatories). Thirty-eight participants were considered non-musicians (NM). An *a priori* power analysis suggested that *N* = 57 would be adequate to provide 0.60 power ([@ref24]). They were recruited from different senior cultural centers through online announcements. The participant exclusion criteria were the same as those used in Study 1. Each participant signed a written informed consent form and completed a questionnaire where socio-demographic and musical expertise information was requested. The procedure was approved by the University of Buenos Aires Ethics Committee.

### Measures {#sec23}

#### General Cognitive State Evaluation {#sec24}

This evaluation was conducted in the same way as in Study 1.

#### Emotional Memory Evaluation {#sec25}

The material for the emotional memory task consisted of thirty-six pictures selected from the International Affective Pictures System (IAPS; [@ref49]). Twenty-four pictures were emotionally arousing (12 with a positive valence and 12 with a negative valence) and 12 were non-arousing, neutral images. Following guidelines from previous works ([@ref19]), we selected the pictures, which covered a wide range of arousal (from 2.95 to 6.36) and valence (from 1.97 to 4.93) in line with the manual by [@ref49].

### Instrumental Setting {#sec26}

The setting was the same as the one used in Study 1.

#### Musical Interventions {#sec27}

The musical interventions were the same as the ones used in Study 1.

### Experimental Design {#sec28}

Because there were two interventions (EXP vs. CTRL) and the participants had different levels of musical expertise (M and NM), a 2(Intervention) × 2(Training) experimental design was run, with four groups with the following number of subjects: (1) M/EXP: musicians' improvisation group (*n* = 13); (2) M/CTRL: musicians' imitation group (*n* = 12); (3) NM/EXP: non-musician' improvisation group (*n* = 18); and (4) NM/CTRL: non-musicians´ imitation group (*n* = 20). Participants were randomly and blindly assigned to the different groups, and they were always tested in groups, with a minimum of four and a maximum of 10 participants in order for the researchers to control the involvement of each participant in the music performance.

#### Procedure {#sec29}

This study was also divided into two sessions with a one-week intersession interval. The first session consisted of four immediately consecutive phases. The first phase was identical to the one used in Study 1.

In the second phase (acquisition phase, about 7 min), the participants watched the 36 selected pictures for 7 s each. The pictures were presented in random order except for the first and last locations in the series, which had to meet the condition of being a neutral picture ([@ref19]). Simultaneously, the participants were asked to rate on a 0--10 scale "how emotional" or "activating" they felt each image was (from 0 = not arousing at all to 10 = highly arousing). This behavioral task (*Arousal* task) was included in order to (1) ensure that the participants paid attention to each image; (2) validate the selection of IAPS images for this research context, and (3) compare the emotional impact of the images between M-NM groups prior to the musical intervention.

The third phase (intervention) was identical to the one employed in Study 1. Soon afterwards, in the fourth phase (test phase, about 11 min), a two-task test was run. The participants were asked to describe in one word or short phrase as many pictures as they could remember (*Immediate Free Recall* task). Next, they observed the 36 original pictures mixed with 36 new pictures in a random order and they had to mark on a sheet of paper if they had seen the image before or not (*Immediate Recognition* task).

The second session (11 min) was held a week later, when the two-task test was run again (*Deferred Free Recall* task and *Deferred Recognition* task; see [Figure 2](#fig2){ref-type="fig"} for a schematic design of the procedure).

#### Data Analysis {#sec30}

Age, years of formal education, and years of musical education were analyzed independently *via* univariate analysis of variance (ANOVA), where *Intervention* (improvisation vs. imitation) and *Training* (musicians vs. non-musicians) were the between-factors.

Because musicians had more years of education than non-musicians (data shown in Results), arousal, recall, and recognition (immediate and deferred) were independently analyzed *via* repeated measures (RM) ANCOVA with *Intervention* (improvisation vs. reproduction) and *Training* (musicians vs. non-musicians) as the between-factors, *Picture* (neutral, positive, and negative) as the RM, and *Education* as the co-variable.

*Post hoc* least-significant difference (LSD) pairwise comparisons were conducted to analyze significant interactions. The partial Eta square ($\eta_{p}^{2}$) was utilized to estimate effect size. The alpha value was set at 0.05, and the SPSS software package was used to compute descriptive and inferential statistics.

Results {#sec31}
=======

Socio-Demographic Characteristics and General Cognitive State {#sec32}
-------------------------------------------------------------

The final sample was composed of 52 participants, because 11 evaluations were discarded due to cognitive impairment or depression; the final number of participants per group was as follows: (1) M/EXP = 12; (2) M/CTRL = 10; (3) NM/EXP = 15; and (4) NM/CTRL = 15. The general cognitive state information (MMSE and GDS) is depicted in [Table 2](#tab2){ref-type="table"}.

###### 

Socio-demographic and general cognitive state data.

  Groups    Age            Education      Musical educ.   MMSE           GDS
  --------- -------------- -------------- --------------- -------------- -------------
  M/EXP     73 ± 2.32      14.36 ± 0.93   15.36 ± 3.84    28.78 ± 0.43   4.71 ± 0.7
  M/CTRL    73 ± 3.28      17.25 ± 2.15   17 ± 6.63       27.67 ± 0.9    4.14 ± 1.06
  NM/EXP    71.8 ± 1.72    12.93 ± 1.06   1.07 ± 0.41     28.94 ± 0.25   4.76 ± 0.58
  NM/CTRL   71.47 ± 1.59   13.07 ± 0.65   0 ± 0           28.73 ± 0.21   3.47 ± 0.71

Media ± standard deviation, for age, years of education, years of musical education, MMSE, and GDS. M/EXP, musicians' improvisation group; M/CTRL, musicians' imitation group; NM/EXP, non-musicians' improvisation group; and NM/CTRL, non-musicians' imitation group.

Regarding socio-demographic information ([Table 2](#tab2){ref-type="table"}), there were no differences between groups related to age *p \>* 0.05. Nonetheless, there were differences depending on the educational level related to the Training factor *F*(1, 44) = 5.79, *p* = 0.02 $\eta_{p}^{2}$ = 0.116. The musicians had a higher academic level than the non-musicians, and therefore, this variable was considered a co-variable in the statistical analyses that were performed for memory. There were differences in musical level related to the Training factor *F*(1, 45) = 29.53, *p* \< 0.0001, $\eta_{p}^{2}$ = 0.39, as expected, since we selected musicians and non-musicians for the samples. The average year of musical experience in the musicians' group was 16.05 ± 3.43 years. Non-musicians had an average musical experience of 0.53 ± 0.23 years.

Arousal {#sec33}
-------

Arousal was the first dependent variable analyzed. Participants watched neutral, positive, and negative images, and simultaneously rated, from 0 to 10, how arousing the pictures were for them. The emotional pictures were rated as more activating than the neutral ones, and the rating of neutral images was affected by Training and Intervention ([Figure 6](#fig6){ref-type="fig"}). These impressions were corroborated by the statistical analysis, since the ANCOVA yielded a main effect of Picture *F*(2, 86) = 12.817, *p* \< 0.0001, $\eta_{p}^{2}$ = 0.230, while the corresponding *post hoc* indicated that the emotional images were considered more activating than the neutral ones. Besides, the effect of the Picture × Intervention interaction was significant *F*(1, 43) = 5.23, *p* = 0.027, $\eta_{p}^{2}$ = 0.108, and the triple interaction Picture × Intervention × Training was also significant *F*(2, 86) = 4.27, *p* = 0.017, $\eta_{p}^{2}$ = 0.09. The analysis of the triple interaction indicated that the M/EXP group rated the neutral images as more activating than did the M/CTRL group, while the opposite pattern was observed in non-musicians since the NM/CTRL group rated the neutral images as more activating than did the NM/EXP group. In addition, the NM/CTRL group rated the neutral images as more activating than did the M/CTRL group.

![Assessment of neutral, positive, and negative images on a scale from 0 to 10 (0 = non-arousing at all. 10: The highest level of arousal elicited from the participant). M/EXP: musicians' improvisation group; M/CTRL: musicians' imitation group; NM/EXP: non-musicians' improvisation group; and NM/CTRL: non-musicians' imitation group. Vertical lines represent standard errors of the mean.](fpsyg-10-00652-g006){#fig6}

Immediate Measures {#sec34}
------------------

After participants were exposed to the intervention (imitation or improvisation), they were asked to recall as many pictures as they could. The ANCOVA indicated a significant effect of Intervention *F*(1, 43) = 6.93, *p* = 0.012, $\eta_{p}^{2}$ = 0.139, where the *post hoc* showed that the improvisation group remembered more images than the imitation group. Also, the double interaction Picture × Intervention achieved significance *F*(2, 86) = 5.22, *p* = 0.007, $\eta_{p}^{2}$ = 0.108. The *post hoc* indicated that the improvisation group remembered more negative images than the imitation group. The results are depicted in [Figure 7](#fig7){ref-type="fig"}.

![Immediate free recall. Mean number of neutral, positive, and negative pictures that groups could remember after the treatment. M/EXP: musicians' improvisation group; M/CTRL: musicians' imitation group; NM/EXP: non-musicians' improvisation group; and NM/CTRL: non-musicians' imitation group. Vertical lines represent standard errors of the mean.](fpsyg-10-00652-g007){#fig7}

After the free recall, the participants observed the 36 original pictures randomly intermixed with 36 new ones. They had to discriminate the new images from the old ones. The ANCOVA indicated no significant differences in Training, Picture, or Intervention, or any of their interactions, *p* \> 0.05 (data not shown).

Deferred Measures {#sec35}
-----------------

The test of free recall and recognition tasks was repeated a week later. [Figure 8A](#fig8){ref-type="fig"} illustrates the results of the free recall task. The ANCOVA indicated a main effect of Intervention *F*(1, 43) = 18.27, *p* \< 0.0001, $\eta_{p}^{2}$ = 0.29, the *post hoc* showed that the improvisation groups remembered more images than the imitation groups. The double interaction Picture × Intervention also achieved significance *F*(2, 86) = 5.59, *p* \< 0.005, $\eta_{p}^{2}$ = 0.115, and the corresponding *post hoc* indicated that for positive and negative images the improvisation groups remembered more images than the imitation groups.

![**(A)** Deferred free recall. Mean number of neutral, positive, and negative pictures that groups could remember after a week, between treatment and testing. **(B)** Deferred recognition. Number of neutral, positive, and negative pictures that participants could recognize as previously seen from a pool of 72 images. M/EXP: musicians' improvisation group; M/CTRL: musicians' imitation group; NM/EXP: non-musicians' improvisation group; and NM/CTRL: non-musicians' imitation group. Vertical lines represent standard errors of the mean.](fpsyg-10-00652-g008){#fig8}

To evaluate recognition, the 36 target pictures were mixed with 36 new pictures and participants had to indicate whether the images were new or old ([Figure 8B](#fig8){ref-type="fig"}). False recognitions were subtracted from the total recognition score (from each of the pictures). The ANCOVA showed a significant main effect of Intervention *F*(1, 43) = 9.76, *p* = 0.003, $\eta_{p}^{2}$ = 0.185, where the improvisation groups recognized more images than the imitation groups. In addition, there was a main effect of Picture *F*(2, 86) = 3.17, *p* = 0.047, $\eta_{p}^{2}$ = 0.069, and the *post hoc* indicated that the neutral pictures had a better recognition score than the positive and negative ones and also that the positive images were better recognized than the negative ones. Finally, the double interaction Picture × Intervention achieved significance *F*(2, 86) = 3.29, *p* = 0.042, $\eta_{p}^{2}$ = 0.071. This interaction indicated that in the three types of images, the improvisation group had a better recognition score than the imitation groups.

Discussion {#sec36}
==========

The goal of this work was to evaluate if a musical intervention could improve neutral or emotional memory in older adults with or without formal musical knowledge. Our control group was not a passive one; instead, it participated in a group musical activity, allowing us to detect specific parameters in each type of intervention that could explain the possible benefits of improvisation. The main results indicated that musical improvisation enhanced memory especially when the information to be consolidated was emotional, indicating that the intervention is more linked to the emotional content than to the neutral one. In addition, musicians performed better than non-musicians. In the following paragraphs, each of the findings is explained in detail.

In both studies, the improvisation groups had a better mnemonic performance than the imitation groups. Nonetheless, this effect was higher in Study 2, where memory with emotional content was evaluated. The improvisation groups performed better at their immediate and deferred free recall and also at their deferred recognition than the imitation groups. Furthermore, in the immediate free recall, the negative images were better remembered; in the deferred free recall, both positive and negative images; and in the deferred recognition, the three types of images were better recognized. In other words, over time, the information had a better consolidation and the participants remembered or recognized more information. By contrast, in the complex figure, better performance was achieved in the improvisation condition only for the deferred free recall. These results would indicate that there was an interaction between musical improvisation and visual memory, and the greatest effect was found for the emotion-laden information.

A possible explanation for these findings is that during the experience of musical improvisation a melody and a rhythm are spontaneously created, integrating the emotional with the different cognitive levels ([@ref15], [@ref16]). In this musical technique, all the body is used to express intentions, emotions, and memories. For this reason, musical improvisation is defined as a special self-expression technique ([@ref33]; [@ref71]; [@ref34]; [@ref60]). Besides, it has been shown that sound is a potent elicitor of emotions and that musical experiences activate specific pathways in several brain areas associated with emotional content, such as the cingulate and insular cortices, hypothalamus, hippocampus, amygdala, and prefrontal cortex ([@ref13]; [@ref44], [@ref45]). A study conducted by [@ref46] demonstrated that the auditory cortex, activated during the musical perception, hosts regions that are influential within networks underlying the affective processing of auditory information. The emotional state induced by the musical improvisation may have enhanced the emotions produced by the affective pictures, thus strengthening the memory process. Some studies indicate that music, because of the emotionality state that it generates ([@ref44]), will work as an enhancer of visual elements loaded with emotion ([@ref53]; [@ref42]), causing a synergy between both emotional states. In the first study, this synergic effect between the emotion aroused by the improvisation and the emotion aroused by the task was not observed, probably because the stimuli lacked emotional content.

Musical improvisation, as opposed to imitation where a pattern is replicated, is characterized by the presence of creative elements. This characteristic would indicate that it is not the music itself that modulates memory, since in the imitation condition, participants also perceive and produce musical components but rather the creation of a novel musical product in groups. In future studies, a creative non-musical group could be added to address this topic. Besides, spontaneous improvisation, as opposed to the performance of learned sequences (as in the imitation), is characterized by an extensive deactivation of the medial dorsolateral prefrontal cortex and lateral orbital regions with a focal activation of the medial prefrontal cortex ([@ref52]). In addition, there is a relation between musical improvisation and autobiographic memories, since independently of the level of complexity used in the improvisation, the prefrontal and medial temporal cortices are activated, and these areas are involved in memory ([@ref52]).

Imitation could interfere with memory. When there are restrictions, especially attentional ones where the participant is asked to replicate, repeat a pattern, adjust to it in intensity, and synchronize, this intervention could diminish cognitive resources and lead to mnemonic deterioration ([@ref62]). This is relevant since most musical activities designed for older adults are repetitive (the typical case is the choir, where the participant has to memorize his or her part, pay attention to the tuning, rhythm, etc.). Even though these activities reinforce musical contents *per se*, they are less efficient when the goal is to improve cognitive skills such as memory.

In the first study, an effect of musicianship was found, which is in line with previous studies about the effect of musical training on visual memory ([@ref36]). Musicians outperformed non-musicians in immediate free recall and recognition and in deferred recognition. A plausible explanation for the better performance of musicians is that there are structural and functional brain differences between musicians and non-musicians ([@ref88]; [@ref31]; [@ref55]; [@ref11]; [@ref89]; [@ref40]; [@ref6]; [@ref78]; [@ref73]; [@ref37]; [@ref51]). Becoming a skilled musician requires extensive training, and the type of learning involved entails the development of several abilities (e.g., perception, cognitive control, memory, motor skills, among others). The abilities developed by musicians induce connections and interactions between several brain areas. The brain structural differences between musicians and non-musicians were found to involve the enlargement or thickening of numerous areas in people with musical training. Some of these differences were associated with the anteromedial portion of Heschl's gyrus, the corpus callosum, the *planum temporale*, and with changes in gray matter that implied a greater plasticity ([@ref56]; [@ref10]; [@ref3]).

At the same time, the structural differences are accompanied by functional and behavioral divergences in several domains ([@ref37]). Depending on the extent of the effect of musical training, the near transfer label is used when the cognitive functions affected by training are those related closely with music, such as the recognition of melodic contour or intervallic sequences ([@ref30]). While musical training could transfer cognitive advantages that go beyond musical areas, if the functional change is observed in non-musical skills such as language ([@ref74]), mathematical reasoning ([@ref84]), or attentional functions ([@ref85]), the process is named far transfer. In the present work, we contribute evidence to the far-transfer literature, since the benefits for musicians were observed in a cognitive skill not strictly related to musical training.

The fact that we found no differences in terms of musical training in the second study could be associated with non-musicians benefiting from the information with emotional content, and accordingly the greater effect was observed in the intervention factor (improvisation vs. imitation). Because, in the first study, the emotional components were not present, the prevailing factor was musicianship (training). Therefore, the emotionality effect associated with the intervention (improvisation) could have shadowed the training factor effects in the second study.

Nonetheless, it is not necessary to be a professional musician and have lifetime experience in music to benefit from musical training. Some studies indicated that only 1 week of stimulation in musical perception and production resulted in functional changes in the participants ([@ref5]). Besides, it has been demonstrated that older adults who began their musical training in old age had benefits in several cognitive domains ([@ref17]). Thus, focal musical interventions (such as the one proposed in the present work) as well as short- and long-term interventions induced a benefit in the cognitive functions of older age participants.

Studies about the effect of music in visual memory are scarce. As far as we know, no research has so far focused on memory with emotional content, and it is in this topic that the novelty of our study lies. Besides, the relation between musical experience and neutral visual memory has been the topic of few studies, with conflicting results. [@ref25] found no enhancement of neutral memory in older adults. However, in agreement with our results, [@ref36] found an improvement in the visual memory of musicians compared to non-musicians. Notably, as far as learning and evaluation of memory are concerned, there are different tests to evaluate this cognitive function, and it is precisely this issue that differentiates the mentioned studies. The methodologies used for measuring memory could have resulted in the divergences found in the studies.

The limitations of our study involve the inclusion criterion to be considered a musician. The criterion was to have more than 5 years of musical training, and although the participants were asked what musical instrument they played, they were not asked whether they were currently active, how many hours a week they devoted to musical training, or how old they were when they started learning music. These questions will be included in future research. In addition, although we found differences regarding the educational level, this variable was used as a co-variable in the statistical analyses so as not to bias the results. Another limitation of our studies is the sampling. In both studies, more than half of the samples were women, and it is possible that the effects might vary across genders, given that some studies show female participants to be more receptive to emotional cues ([@ref4]; [@ref64], [@ref65]; [@ref26]). We intend to improve this point in future research.

A key challenge for successful aging is to discover cognitive treatments or interventions that have the ability to integrate multiple neural systems that alleviate or prevent age-related cognitive decline ([@ref17]). Making music is the optimal cognitive intervention that includes multimodal sensorimotor integration, creation of novel elements, motivation, and difficulty. It is relevant to highlight the difference between improvisation and imitation, since the standard musical activities for older adults involve repetitive tasks with no novelty component. By endorsing the advantages of improvisation, group activities could be designed for the purpose of creating something musically novel in a context of social interaction. In addition, improvisation being a social practice, it increases the adherence to the treatment diminishing the dropout rates. Besides, this musical intervention had the benefit that it was pleasant, a motivational factor for the participant to perform this kind of activity, as opposed to other types of training. As a result, despite being a focal intervention, it could be presented in a regular schedule, since the core component is the creation of something musical and always novel. As music improvisation modulates memory, music treatment may provide a simple, safe, and effective method of preventing the potentially harmful physiological concomitants of memory impairment, with great potential for clinical application.
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